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(54) Composite electrode containing an organic disulfide compound and method for producing 
the same 



(57) Disclosed is a composite polymer electrode of 
a conducftive polymer arKi an organic dsutfide com- 
pound imparted with improved cyde life against 
repeated oxidation-reduction. The composite electrode 
comprises an organic disulfide compound, polyaniline 
and polyvinylidene fluoride. The composite electrode 
may further contain a metal oxide. 
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D scription 

BACKGROUND OF THE INVENTION 

5 The present invention relates to a composite electrode composed of a plurality of organic compounds or a combi- 
nation of an organic compound and an inorganic compound, which is applied for various electrochemical devices such 
as batteries, electrochromic display devices, sensors, memories and the like, and a method for producing such com- 
posite electrodes. 

Since the discovery of conductive polyacetylene by Shirakawa in 1971 , vigorous studies have been rrade on con- 
10 ductive polymer electrodes, because lightweight batteries having a higher energy density, electrochromic display 
devices having a large area, or electrochemical devices such as biochemical sensors using a miaoelectrode may be 
realized by the use of such conductive polymers as electrode materials. Moreover, U.S. Patent No. 4.833,048 proposes 
an organic disulfide compound as an organic material from which high energy density can be expected. A composite 
polymer electrode of a combination of a conductive polymer and an organic disulfide compound was already proposed 
15 by the present inventor et al. in J. Electrochim. Acta, an electrochemical journal published in England (Vol. 37: 1852. 
1992). The composite polymer electrode is characterized by high voltage, which is a characteristic feature of conven- 
tional conductive polymer electrodes, and high energy density, which is a characteristic feature of organic disulfide com- 
pouncte. 

A combination of the composite polymer electrode and a lithium negative electrode is expected to yield a potent 
20 lithium secondary battery having a voltage of 3 V or more and an energy density of 150 Wh/kg or more, equivalent to 
or ovenvhelming those of conventional secondary batteries. 

However, conventional composite polymer electrodes have a drawback such that repeated oxidation-reduction 
(charging and discharging) causes gradual decreases in the capacity of the electrode. An electrically insulating polydi- 
sutf tde conpound with poor ionic conducttvrty. which is a product of polymerization of an organic disulfide conrpound by 
2S oxidation (charging) is poor in solubility in an electrolyte. On the oth^ hand, an (x-ganic disulf ide monomer, which is a 
product of monomerlzation of a pdydsulfide compound by reduction (discharging) is high in solubility in an electrolyte. 
Therefore, repeated oxidation-reduction causes dissolution of a part of such disulfide monomer into an electrolyte, and 
the dissolved monomer is polymerized again at a site different from the position of the conductive polymer which is 
present in the electrode originally. The electrically insulating polydisulfide compound, which is deposited as a result of 
30 polymerization of the dissolved nwnomer apart from the site of the conductive polymer. Is isolated from the electron/ion 
corKjuctive network inside the polymer electrode, and plays no role in electrode reaction. This is the reason why 
repeated oxidation-reduction results in gradual deaeases of the dectrode capacity. 

BRIEF SUMMARY OF THE INVENTION 

35 

The object of the present invention is to provide a composite polymer electrode which will solve the above-men- 
tioned problem and in which the decrease in capacity by repeated oxidation-reduction is minimized, without losing the 
characteristic features of high voltage and high energy density, which are the characteristics inherent to the corrposite 
polymer electrode of a combination of a conductive polymer and an organic disulfide connpound. 

40 Another object of the present invention Is to provide a method for producing such composite polymer electrodes. 

The present invention is directed to a composite electrode comprising an organic disulfide compound which con- 
tains at least one sulfur-sulfur bond, wherein the sulfur-sulfur bond is cleaved when electrically reduced to fomi a sulfur- 
metal ion bond and the sulfur-metal ion bond is regenerated into the sulfur-sulfur bond when electrically oxidized, the 
metal ion including proton (hereinafter refenred to as "organic disulfide compound"), polyaniline. and polyvinylidene flu- 

45 oride. 

The present invention also provides a corrposite electrode comprising an organic disulfide compound, polyaniline. 
a metal oxide, and polyvinylidene fluoride. 

Addition of the polyvinylidene fluoride effectively reduces dissolution and escape of the organic disulfide com- 
pound, polyaniline. or a conplex of these two into the electrolyte during oxidation-reduction (charging and discharging) 
so of the corrposite polymer electrode, thereby inparting excellent characteristics against repeated oxidation-reduction 
(charging-discharging) to the electrode. 

The present invention can give a composite electrode characterized by excellent performance against repeated 
oxidation-reduction (charging-discharging). Application of the conposite electrode as the positive electrode of a lithium 
secondary battery realizes a battery having a long charge-discharge cycle life. 
55 Other than batteries, employment of the conposite electrode of the present invention for the counter electrode also 
r alizes an electrochromic display device having a long coloring and dec loring life and an electrochemical analogue 
memory having a long life against repeated read and write operations. 

While the novel features of th invention are set forth particulariy in the appended daln^. the invention, both as to 
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■ ..nandcontent ^..bebett r understood and appredated. along w«h other objects and f atures thereof. Iron, 

BR.EF DESCRIPTION OF THE SEVERAL VIEWS OF THE DRAWING 

' P,Qnsarough.ongitudin^cross.sec«ona..e«o.aH^iun,second.^ 
eJSelrre!liodLnts in accordance v«th the pr«^^ 

DETAILED DESCRIPTWN OF THEINVENTION 

"T^X'^'^"'^ 

in an h . _.j:j^^**«i,,ortHo and a metal oxide. 



IS 



2S 



30 



pound. polyanfline.polyvinylidenefluoride^andame2 

The presence of polyvinylidene ffuonde '^^^^^ The polyvinylidene fluoride also functions to min- 
thin f Om Secondary battery or other thin film .^'^J^^'f'^^S complex of these tv«, into the elec- 
Eedissolution and migration oftheorgan.cd.suHriea^^^ characteristics against 

reduction reaction markedly. = «™iwmer of a kind of polyvinylidene fluoride, vinylidene difluoride 

Particularty. polyvinylidene f luonde. wh.ch .s a ~P°^^„^; ^^^^^d^^ comprises a Hthium salt, such as 
andpmpylenehexafluoridecanabsorbalargeamo^^^ 

UBF4. UCIO4. UPFe. or the like, and a non-proton.c p„,y^ny,idene fluoride is advantageous .n that rf a 

Snate. diethyl carbonate, dirrjethyl carbonat^ ^^^,^ST^Se<^^en^ device such as b^ery an 

composite electrode containing *e '"^.■^^^^"""J^X *is substance, which helps the development of an 
or^electrolyte induded in the electrolyte l^^ abso^ 

fonconduction pathway inside the composrte electr^e^ 2!^^^^rSance with the present invention uses N-R- 
Furthenno^ the method for produang composrte ^^^^^ ^ oHg. n-C4-H9. and the like, whwh 

2-py^Sone where R represents •^^'^^^ .^^J" S^yviWne fluoride, so that these 

se^^sas agoodsdventfor ^^<^^^^'"^;^J^f^^e, the mShod for producing composrtedec- 
components can be mixed ^'^^^['^'^'^^o^r^rrs a thin film or a large area composrte electrode 
trodes in accordance with the present .nventoms^^ 

5 of homogeneous composition wrth easa A '^^^^^^^^J^ ^ present invention comprises the steps of 
°^ The meti^od for producing tS^^" ^^^^S^S rR 2-pyrrolidone to prepare a viscous sdu- 

dissoMng an organic disulfide compound and Py""^'^^"^ ""^3 sojuaon thus prepared to prepare a solution "A^ 
tioTadding and dissolving a polyaniline powder ^ and m *ev^s P ^er toil, followed 

aboveMTientionedstepR ^hnHworodudnacotTiposHe electrodes in accordance with the present 1^^^ 

In another preferred mode ofthemethcriforprod^^^ N-R-2-pyrrolidone solution dissolving the 

45 tion the polyaniline is molded into a film beforehand, o « the resuHant is heated at 60 to lOO'C 

" SinTc dLS compound and the P°;y^"y^;"f^^;"X7^^^^^^ ^'^^^ "^T 

inVvacuum or in an inert gas 

aniline andother surface is ^cbin organic djsuH^deo^np^^^ a polyaniline film cornprises the. 

aniline on a substrate by electrolytic or chemical polymerization in N-R-2-pyrro- 

DhJ^^S?eSe?he existing N-R.2ivrrolidone Pa^^l'V or entirely ^ 
"'TnXr^other preferred -^JS,*»3;£^^^^ compound in N-RJ^r- 

invention. a viscous solution "B" is obtained by fPf °^,2rt ' dution which is further heated to dissolve, or diluted 
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oxide powd r is dispersed in N-R-2-pyrrolidone dissolving polyvinylidene fluoride. Then, the viscous solution "B" is 
mixed with the dispersed mixture "C homogeneously using a homogenizer. thereby to obtain a dispersed mixture "D". 
The resultant dispersed mixtur "D" is applied nt a conductive substrate of, for example, a silver plated copper foil, 
which is then heated in a vacuum or in an inert gas atmosphere to remov the existing N-R-2-pyrrolidone partially or 
5 entirely. 

In the present invention, a homopolymer prepared by polymerizing vinylidene drfluoride alone and a copolymer of 
vinytidene difluoride and a vinyl fluoride monomer such as ethylene tetrafluoride or propylene hexafluortde can be used 
as the polyvinylidene fluoride. Polyvinylidene fluorides having a mean molecular weight of 100.000 to 500,000 are pref- 
erable. The polyvinylidene fluoride is exemplified as "KUREMA KF polymer", manufactured t}y Kureha Chemical Indus- 

10 try Co.. Ltd. "KF #1 100" ar^ "KF2300", manufactured by Kureha Chemical Industry Co., Ltd.. can be used as the 
honropolymer and the copolymer of vinylidene difluoride and propylene hexaf luoride. respectively. 

As the organic disulfide compound, the compound described in U.S. Patent Na 4,833,048. represented by the gen- 
eral formula R(S}y)n where R represents an aliphatic group or an aromatic group, and S represents sulfur, and where y 
is an Integer of 1 or larger and n is an integer of 2 or larger, can be used. Commercially available dithioglycoi repre- 

75 sented by HSCH2CH2SH. 2.5-dimercapto-1 .3.4-thiadiazole represented by C2N2S{SH)2, s-triazine-2.4-6-trithiol repre- 
sented by C3H3N3S3, 7-methyl-2.6.8-trimercaptDpurine represented by C6H6N4S3. and 4.5-diamino-2.6- 
dimercaptopyrimidine represented by C4H6N4S2 can also be used witiiout applying any treatment. 

As the polyaniline, polymerized aniline by electrolytic or chemical oxidation is used. Reduced polyanlline in 
dedoped state is preferable from the point of solubility. An example of such polyaniline is "ANILEAO", manufactured by 

20 Nitto Denko Corporation. The reduction degree index (RDQ of polyaniline is expressed by electron absorption spectrum 
of a solution containing a small amount of polyaniline dissolved in N-methyl-2-pyrroIidone. This means that 
RDI = I e4o/l . which represents the ratio of the peak intensity 1540 expressed at a long wavelength around 640 nm. 
derived from the quinonediimine structure, to the peak intensity I340 expressed at a short wavelength around 340 nm, 
derived from the para substituted benzene structure. Polyaniline having an RDI of 0.5 or less is used preferably. The 

25 degree of dedoping of polyaniline is represented by the level of conductivity. Polyaniline having a conductivity of 10'^ 
S/cm or less is used preferably. 

As the metal oxide, although any transition metal oxide or any composite oxide may be used, a compound having 
an electrochemical equivalent exceeding or equivalent to the electrochemical equivalent of polyaniline, that Is, 150 
mAh/g, is particularly preferred. Preferable transition metal oxides may be exemplified as LiCo02 (electrochemical 

30 equivalent: 140 to 160 mAh/g), VgOia (160 to 230 mAh/g). UMn204 (100 to 120 mAh/g). V2O5 (130 to 150 mAh/g). and 
LiNiOg (140 to 220 mAh/g). A metal oxide powder having a mean particle diameter around 1 to 10 Mni may also be 
used. Any transition metal oxide containing plural transition metal elements may also be used without problem. For 
example, any conposite oxide derived from LiCo02 in which a part of Co is substituted with Mn, Ni or Fe. or any com- 
posite oxide derived from VeOis in which a part of V substituted with W (tungsten) may also be used. 

35 It is preferable that the amount of polyvinylidene fluoride is 0.1 to 10% by weight of the total amount of the organic 
disulfide conr^und. N-R-2-pyrrolidone and polyaniline. or the total amount of the organic disulfide confound, N-R-2- 
pynrolidone, polyaniline and metal oxide. With respect to the proportion of the organic disulfide compound, N-R-2-pyr- 
rolidone and polyaniline, it is preferable to contain the N-R-2-pyrrolidone and polyaniline in a range of 0.5 to 5 moles 
and 0.05 to 5 moles, respectively, per 1 mole of the organic disulfide compourxi. The metal oxkle is contained preferak)ly 

40 in a range of 0.5 to 5 parts by weight per 1 part of the polyaniline. 

Protons may also be used as the metal ions for producing a salt by reduction of the organic disulfide compound, 
other tiian the alkali metal ions and alkaline earth metal ions as disclosed in the U.S. patent cited before. Particularly, 
in the case of all^li metal ions, it is possible to otitain a lithium secondary battery having a high energy density exceed- 
ing 200 Wh/kg at a voltage of about 3 V by using metal lithium or a lithium alloy such as lithiunvaluminum alloy as an 

45 electrode which supplies and captures lithium ions and a lithium ion-conductive electrolyte in combination. Further- 
more, if a hydride of a hydrogen storage alloy such as LaNis is adopted as an electrode which supplies and captures 
protons, a battery having a voltage of 1 to 2 V can be obtained by using a proton-conductive electrolyte in conrisination. 

The composite electrode of the present invention may further contain, if necessary, a conductive agent such as car- 
bon, a shape fomiing agent or a reinforcement agent such as synthetic rubber, resin, ceramic powder, etc.. in addition 

50 to the above-mentioned components. 

A cont)ination of the positive electrode using the composite electrode of the present invention, a nonaqueous elec- 
trolyte containing iitiiium ions, and a negative electrode which absoriss and desorbs lithium ions reversibly during 
charge and discharge can give a high energy density lithium secondary battery'having exceptional cycle life character- 
istics against repeated charge and discharge operations. More specifically, as the negative electrode, metal lithium, lith- 

55 ium alloys such as lithium^luminum. lithium-mangan se. etc.. materials capable of reversibly intercalating and 
deintercalating lithium ions such as carb n materials, metal sulfides, or conductive polym r materials may be used. The 
use of a copolymer of vinylidene difluoride and propylene hexafluoride as tiie polyvinylidene fluoride can realiz a lith- 
ium secondary battery chargeable and dischargeable at a large current. 
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Example 1 i, u 

I /a nolvmer KF #2300. manufactured by Kurena 
A vin^idene c«luoride-propy.ene h«afhjo^^^ abbreviated to 

Chemical Industry Co.. Ltd-: mef "9 P°"f ^^1 C) was^d.s^vM ^ ^ ^ p^„^ 

aed^i-redSr^iS^^ 

^'^rli^Ltv^ussolo^^^wasa^liedontoas^^ 
1 ^andtheernirethicKr,essof^.he1oiM7^a^^^ 

pressure of 1 mmHg at 80-C. TT«s freatmert ^edj^ dMcT polyaniline arKl NMP. The 15-Mm-th.<*oorn- 

'n,er ir, the resuHarrt film was ^^^^ ^'f^' ^^^^S^vl the cc^« foil. wHch gave a corrpo^te electrode 

Example 2 . 

2s thickness of 15 Mm and weighed 8.9 mg. 
Comparative Example 1 

..scoustra.^re.ve.l^NMP-DMcTsol^onwas*tain^bydissoMng1.5g(0.01m.e)o^^ 

mer powder in 5 g of NMP. ^ o.^po,yar,ilineused in Example 1. and heatedat8(rC.naseale^ 

■me resuttantsolution was ^dded with 1^0 gmpwya 3^,,^^^ 
which air has been substituted w* an inert gas^^ga^^^ 
The viscous solution thus P'eparal was applied a a^pat ^ 
layer: 1 nm and the entire thickness of *e '^'J/^S'^^ ^'tT^e of^ by weight of NMP. The IS^xm-thK* 
l^iuced'pressure of 1 mmHg J^^^^^f^^^^^^^ copp« foil, v^ich gave a composite elec- 

s^^tT::^"eferr-^^^^^ 

Examples 

;.o.erv^us^r«parenty.lowNMP.McTs.u«onwasobt.nedby.ssoMng1.5g(0.01m.e,.^ 

a sealed vessel of which air has been T^^L was prepared by hydrolysis of vanadium 

Then, a powder of VeO,3 having a '^^^'^^■^,oVc^ an NMP solution dissolving KF #2300 used .n 
huthoxide followed by heating, was mixed with and disperseo in lu a 

Example 1 at a concentration of 2% by «f ^'ij^^ .^.^on and homogenized using a homoge- 

TSe slurry wasadded JS^S solution was obtained, which was thenapphed 

nizer at 5.000 rpm tor about 10 minu^. at S'C for about 120 minutes under a reduced pres- 

et a 5-,m thick titanium foil in a thickness of^^ and he^t^ 25 Mm was obtained. Heating ur^er 

sure of 1 mmHg. In this way. a ^-^f .^^'J;^^.^ Jm^^^ content of the KF polymer in the film ««« 
reduced pressure resulted in an escape of ^^J^J^^^^^^.^^^^ y,0,,mi NMP. The composrte film was cut into 
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2 X 2 cm Sheets xogexnci wiu. m.« 

the composite electrode "D" weighed 25 mg. 
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Example 4 

Similarly, another composite electrode "E" was obtairied, with the exception of the use of KF #1 100 in Exarrple 2 
in place of KF #2300 in Example 3. Th composite electrode film of the composite electrode "E" had a thickness of 25 
5 ^m and weighed 25 mg. 

Comparative Example 2 

A viscous transparent yellow NMP-DMcT solution was obtained by dissolving 1.5 g (0.01 mole) of a DMcT mono- 
10 mer powder in 5 g of NMR 

The resultant solution was added with 2.0 g of polyaniline used in Example 1 , and heated at 80^0 in a sealed vessel 
of which air has been substituted with an inert gas, which gave a viscous purple black solution. 

Then, a slunry was prepared by dispersing 2.5 g of VgOia powder similar to Example 3 in 10 g of NMR 
The slurry was added to the previously prepared viscous purple black solution and homogenized using a homoge- 
IS nizer at 5.000 rpm for about 1 0 minutes. In this way. a viscous dispersed solution was obtained, which was then applied 
onto a 5 ^m-thick titanium foil in a thickness of 250 ^m and heated under a reduced pressure of 1 mmHg at 80**C for 
about 120 minutes, which gave a composite electrode film having a thickness of 22 ^im. Heating under reduced pres- 
sure caused an escape of 72% by weight of NMR The composite electrode film thus obtained was cut Into 2 x 2 cm 
sheets together witii the titanium foil, which gave a composite electrode "P. The composite electrode film of the com- 
20 posite electrode "F** weighed 1 9 mg. 

Exanple 5 

Similarly, another composite electrode "G" was obtained using an IJC0O2 powder having a mean particle diameter 
25 of 2 ^m, which was prepared by heat treating a mixture of lithium carbonate and cobalt oxide (C02O3), in place of the 
VgO^ 3 powder in Exanple 3. The composite electrode film of the composite electrode "G" had a thickness of 26 ^ and 
weighed 24 mg. 

Example 6 

30 

In a similar manner, another composite electrode "H" was obtained, using an IJC0O2 powder having a mean parti- 
cle diameter of 2 \im, which was prepared by heat treating a mixture of lithium cartx)nate and cobalt oxide (C02O3), in 
place of the VgO^s powder in Example 4. The composite electrode film of the conposite electrode "H" had a thickness 
of 26 ^m and weighed 24 mg. 

3S 

Comparative Example 3 

A composite electrode T was obtained in the same manner as in Comparative Example 2. with the exception of 
the use of an LiCoOs powder having a mean particle diameter of 2 ^m, which was pr^ared by heat treating a mixture 
40 of lithium cart)onate and cobalt oxide (C02O3), in place of the VgO-is powder in Comparative Example 2. The composite 
electrode film of the composite electrode T had a thickness of 24 ^m and weighed 22 mg. 

Example 7 

4S Similarly, a composite electrode "J" was ot>tained, using an LiNi02 powder having a mean particle diameter of 3 
^m. which was prepared by heat treating a mixture of lithium hydroxide and nickel hydroxide, in place of the VgO^s pow- 
der in Example 3. The composite electrode film of the composite electrode "J" had a thickness of 26 ixm and weighed 
24 mg. 

so ExarrpleS 

Anotiier composite electrode "IC was obtained, using an LINiOg powder having a mean particle diameter of 3 ^m. 
which was prepared by heat treating a mixture of lithium hydroxide and nickel hydroxide, in place of the VeOia powder 
in Example 4. The composite electrode film of the composite electrode "K" had a thickness of 26 jim and weighed 24 
ss mg. 
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10 



«^ :« r^moarativ Example 2. with the exception of 
A composHe electrode V was obtained in me s^^m^^^^^^^^ heat treating a mix^re 

the use of an UNiOa p«wder having a mean particl damje^ -phe conposrt elec- 

Example 9 

u Ti^"-i«s-oBt£uned: with*e exception^d^^ — 

,n the same manner as in Example 3 a comp^rte ^ecjode^^ 

UMnaO^po^lerhavingameanpartded^^ 

r:r=-^-dr^^^^^^ - 



IS Example 10 



Example lu ^ i h* m 

of 23 Jim and weighed 21 mg. 



Comparative Example 5 



25 



30 



OOmpclitiuvo w/^w-r . ^ 

.ccn.o.tee.ec^e-0-wasot^ned.tt.^n^^^ 

the use dTuMnp. pokier having ^-^^Jf^^f ^'^^^^^^ in'S^e Exam^e 2. The com- 

of lithium catbonateandmanganeseo^eO^naO^^ 

posite electrode film of the composite electrode O had a micwi 



Example 11 , 

35 Example 12 

Comparative Example 6 

Acon^ee.ec.ode-R-v«sot^inedin«,esa~ 
theldTva05P0>«.erha^nng ameanpartc^.^^^^ 

pie 2. The composite electrode film of the ^'^^^^'^'^^^ ^^osite electrtxles. ^ 

' Sut^equently. electrode P«'^'^"<!«;:f,^7J^t;"e^^^ using the corresponding oorrpo^'^f^^ 

Batteries "A" to "R" each having a size d 2j<2^^^ss ^^^^^ ^^^^ 

"A- to "R" otrtained in Examples 1 <° ^^^.^^a^ gel pdymer electrolytes having a thickness d 0.5 mm 
sheets having a thickness d 0.3 -"V ^ "f^^^^.^^J S v^P>iared by gelling 4.5 g d a KF copd^^ 

S3rr'^SSe^-7^^^^^^ 
-^rrrrs.^.ureo,.^^^^^^^ 

conductive substrate 1 d silver plated copper P'JT"" eledrolyte 3 interposed therebetween, 
"ectrode 4 d metal lUhium is <i'^=^f STS^S^he tottery lemeot and a sealing maten^ for 

The battery element is sealed by 2 metai sn era loi 
eciectically insulating and sealing the P^J^^^^^f,^^^^^ current of 0.2 mA at 20oC in a voltage range 

The tetteries "A" to -R" were charged and discharged at a constam 
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of 4.25 to 2.5 V. The discharge capacity after each charging and discharging cyde was measured, and the electrode 
performance was evaluated based n the level of reduction in discharge capadty with the progress of charge and dis- 
charge cycles. The results are shown in Table 1. Test cells sh wing less reductions in discharge capacity with the 
progress of charg and discharge cycles have better charge discharge cycle life performance. 



Table 1 
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Batterv 


Discharge capacity (mAh) 




Charge and discharge cycles 




1 


10 


50 


100 


150 


200 


A 


1.53 


1.63 


1.63 


1.62 


1.60 


1.58 


Q 

D 


1.50 


1.62 


1.62 


1.60 


1.55 


1.45 




1.10 


1.25 


1.05 


0.85 


0.75 


0.60 


n 


3.62 


4.08 


4.05 


3.86 


3.63 


3.58 




3.40 


3.96 


3.78 


3.55 


3.27 


3.20 


F 


2.05 


2.22 


1.95 


1.62 


1.41 


1.28 






O. 13 


0.15 


3.12 


3.12 


3.10 


u 
n 


3.18 


3.14 


3.14 


3.12 


2.98 


2.86 


1 


2.12 


1.95 


1.95 


1.72 


1.55 


1.15 


J 


3.41 


3.38 


3.38 


3.25 


3.21 


3.18 


K 


3.36 


3.28 


3.26 


3.26 


3.18 


3.14 


L 


2.54 


2.30 


2.28 


2.12 


2.00 


1.86 


M 


2.32 


2.42 


2.31 


2.30 


2.30 


2.26 


N 


2.28 


2.22 


2.23 


2.18 


2.16 


2.12 


0 


1.74 


1.64 


1.62 


1.45 


1.32 


1.21 


P 


2.96 


2.82 


2.80 


2.78 


2.78 


2.71 


Q 


2.87 


2.79 


2.75 


2.75 


2.69 


2.64 


R 


1.83 


1.71 


1.71 


1.58 


1.44 


1,28 



40 As apparent from the results, in the batteries having the corresponding composite electrodes of the examples In 
accordance with the present invention, the reduction in discharge capacity with the progress of charge and discharge 
cydes is less than that of the batteries having the corresponding connposite electrodes of Comparative Examples. Fur- 
thernrK}re. addition of polyvinylidene fluoride helps to increase the amount of NMP. which does not play any role in elec- 
trode reaction, escaping from the connposite electrode films in fabricating them. This yields an additional secondary 

45 effect such that the capacity per weight of composite electrode film can be increased. 

The batteries "A" to "R" were further subjected to 10 cycles of charge and discharge at a constant cun-ent of 0.2 
mA at 20*'C in a voltage range of 4.25 to 2.5 V. followed by charging at 0.25 mA until the voltage reaches 4.25 V. The 
batteries were then stood still for 2 hours in open circuit state. Subsequentiy, the batteries were charged and discharged 
at ascending cun^ent levels from 0.5, 1 .0, 2.0. 5.0, to 10.0 mA; charging and discharging at each current was perfbmied 

50 for 20 seconds, respectively. Upon discharging for 20 seconds at each current, the discharge voltage was measured. 
Electrode performance in each battery was evaluated based on the degree in reduction in discharge voltage. The 
results are shown in Table 2. Test cells showing less reductions in discharge voltage witii tiie progress of charge and 
discharge cydes have larger output current values. 
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Table 2 



Battery 



Discharge voltage (V) 



Current value (mA) 



0.0 



4.15 



4715' 



4.10 



4.06 



4.05 



H 



M 



N 



4.03 



k07 



k06 



4.07 



4.06 



0.5 



4.12 



4:i0" 



3.96 



4.02 



4.00 



3.85 



4.02 



4.00 



3.95 



4.02 



4.06 



4.06 



4.20 



4.20 



4.20 



4.02 



4.00 



4.00 



3.98 



3.94 



4.18 



1.0 



2.0 



4.07 3.95 



4-.02- -3:87- 



5.0 
3.78 



10.0] 
3.48 



-3;62-- -3.12- 



3.80 3.56 



3.95 3.81 



3.90 3.70 



3.64 3.39 



3.96 3.80 



3.89 3.61 



3.83 3.42 



3.96 3.79 



3.89 3.60 



3.82 3.42 



4.15 4.06 



4.16 



4.12 



3.96 



3.92 



3.90 



4.12 4.01 



4.01 3.86 



3.87 3.69 



3.80 3.58 



3.75 3.52 



3.12 2.53 



3.60 



3.42 



3.28 
3.10 



3.01 2.42 



3.56 3.30 



3.22 



3.04 



2.94 
2.38 



3.57 3.31 



3.20 2.95 



3.00 
3.87 



2.32 
3.72 



3.82 
3.58 



3.64 



3.26 



3.42 
3.39 



3.26 



3.30 



3.10 
3.02 



have larger output currerrt ^-f^' ""^f* Jlf,^ ^^h the copolymer of vinylidene drfluoride and propyl- 

understood that such disclosure .s nrt to be .nte^e ted J^J-^^^ having read the above disdo- 

fall within the true spirit and scope of the inventon. 
Clalnis 

1 A composite electrode comprising: 

polyaniline, and 
polyvinylideneflu ride. 

2. The compo^te electrode in acconlance with daim 1. further comprising a metal oxWe. 
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3. The composHe electrode in accordanc with claim 1 . wherein said polyvinyliden fluoride is a copolymer of vinyli- 
dene difluoride and propylene hexafluortde. 



4. The composrte electrode In accordance wrth claim 2, wh rein said metal oxide is a transition metal oxide selected 
from the group consisting of UCoOg. VgOia. UMn204. V2O5 and UNi02. 

5. A composite electrode comprising a conductive suk)strate and a composite film fbnned on said conductive sub- 
strate, said composite film comprising: 

an organic disulfide compound which contains at least one sulfur-sulfur bond, wherein said sulfur-sulfur bond 
is cleaved when electrically reduced to form a sulfur-metal ion bond and said sulfur-metal ion bond is regener- 
ated into said sulfur-sulfur bond when electrically oxidized, said metal ion including proton, 
polyaniline, and 
polyvinyltdene fluoride. 

6. The composite electrode In accordance with claim 5. wherein said composite film further comprising a metal oocide. 

7. The composite electrode in accordance with claim 5, wherein said polyvinylidene fluoride is a copolym^ of vinyii- 
dene difluoride and propylene hexaf luorkie. 

8. The composite electrode in accordance with daim 6. wherein said metal codde is a transition metal oxide selected 
from the group consisting of LiCoOg. VgOis. ljMn204, V2O5 and LiNiOg. 

9- The composite electrode in accordance with claim 5. wherein said conductive substrate is silver plated copper 
sheet or titanium sheet 

10. A method for producing a composite electrode comprising the steps of: 

dissolving an organic disulfide compound which contains at least one sulfur-sulfur bond, and polyvinylidene flu- 
oride in N-R-2-pyrrolidone, where R represents hydrogen atom or an alkyi group, said sulfur-sulfur bond being 
cleaved when electrically reduced to form a sulfur-metal ion bond and saki sulfur-metal ion bond being regen- 
erated into said sulfur-sulfur bond when electrically oxidized, said metal Ion including proton, 
dissolving polyaniline in the resultant solution to prepare a solution ''A", and 

applying said solution "A" onto a conductive substrate, followed by heating it in a vacuum or in an inert gas 
atmosphere. 

11. A method for producing a corrposite electrode corrprising the steps of: 

dissolving an organic disulfide compound which contains at least one sulfur-sulfur bond in N-R-2-pyrrolidone, 
where R represents hydrogen atom or an alkyI group, said sulfur-sulfur bond being cleaved when electrically 
reduced to fonn a sulfur-metal ion bond and said sulfur-metal ion bond being regenerated into said sulfur-sulfur 
bond when electrically oxidized, said metal ion including proton, 
dissolving polyaniline in the resultant solution to prepare a solution "B". 

dispersing a metal oxide powder in a solution of polyvinylidene fluoride in N-R-2-pyn'olidone to prepare a dis- 
persed mixture "C, 

mixing said solution "B" with said dispersed mixture "C" to prepare anoth^- dispersed mixture "D". and 
applying said dispersed mixture "D" onto a conductive substrate, followed by heating It in a vacuum or in an 
inert gas atmosphera 

1 2. A lithium battery comprising a negative electrode capable of absorbing and desorbing lithium ions reversibly. a non- 
aqueous electrolyte containing lithium ions, and the composite electrode In accordance with claim 1 . 

1 3. A lithium battery comprising a negative electrode capable of absorbing and desorbing lithium ions reversibly. a non- 
aqueous electrolyte containing lithium ions, and the composite electrode in accordance with claim 2. 
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FIG. 1 
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